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PSG  COLLEItE  OF  TECHNOLOGY,  COIMBATORE  - 641  004 
SEMESTER  EXAM  IN  A I IONS,  MAY  * 2014 

BE  f BE(S  W}  PRODUCTION  ENGINEERING  Semester!  3 f 4 
I2P30S  FLUID  MECHANICS  AND  MACHINERY 
fime  : 3 Hours  Maximum  Murks  : 100 

INSTKlJdHJhS: 

J.  Group  I,  Group  II  and  Group  III  questions  should  be  answered  in  the  Main  Answer 
Book. 

2.  Ignore  the  boa  idled  as  “Answers  for  Groi|>  III”  in  the  Main  Answer  Book. 

3 . A nswer  A LL  q uesiions  from  GRO U P - l 

4.  A nswer  an  y FOU  R questions  from  CROC  P - 1 1 . 

5 . A nswer  an  y ONE  q uestion  from  GRO  L"F—  III. 

6.  Moody*#  Ckat  Flind  properties  and  Minor  loss  tueffirient  tables  may  he 

perm  Hied. 

7.  Graph  Sheet Js  to  he  pro*  kled, 

lv  Stale  Hie  assumplkuis  wherever  neeessari  vv hile  aitswerii^,  Group  II  and  III 

GROUP  - 1 Marks  : 10  * 3 = 30 

1.  Based  on  the  data  given  below  detenu  ine  if  blood  is  a Newtonian  or  non -Newtonian  fluid. 
Give  the  background  for  the  answer. 
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2.  Bring  out  the  physical  interpretation  of  each  of  the  terms  in  the  Navier—  Stokes  equation. 

3.  With  an  example  each,  illustrate  the  use  of  a)  fixed  control  volume  b)  moving  control 
vol  u nw  c)  deformi  ng  co  nt  ml  vol  u me. 

4.  The  x and  y components  of  a 2- D velocity  field  is  given  by  u = 1 + y:  v = 1 . Determine  the 
equation  of  the  streamline  that  passes  through  the  origin. 

5.  The  y component  of  a velocity  field  in  a steady  incompressible  flow  field  in  the  xy  plane  is 
given  by  v = Axy^-x*),  A is  a constant.  Determine  the  x component. 

6.  What  is  hydrodynamic  entry  length  in  pipes? 

7.  Write  the  sign  ificance  of  blockage  ratio  in  wind  tunnel  experiments. 

6.  “A  dimpled  golf  ball  has  less  drag  and  more  lift  titan  a smooth  one".  Justify  this  statement. 

9.  How  can  a spin n ing  cyl inder  ge nerate  lift  during  fl ight ? W hat  is  th e name  of  t h is  effect ? 

10.  Give  the  physical  meaning  of  The  shape  factor  in  a boundary  layer  rag  ion. 
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11.  The  drag  characteristics  for  a newly  designed  automobile  having  a maximum 
characteristic  length  of  6 m are  to  be  determined  through  a model  study.  The 
characteristics  at  both  low  speed  (approximately  30  km  f hr)  and  high  speed  (145  km  f 
hr)  are  of  interest.  For  a series  of  projected  model  tests,  an  unpressurized  wind  tunnel 
that  will  accommodate  a model  with  a maximum  characteristic  length  of  1 m is  to  be 
used.  Determine  the  range  of  air  velocities  that  would  be  requited  for  the  wind  tunnel  If 
Reynolds  number  similarity  is  desired.  Are  the  velocities  suitable?  Explain. 


12.  Blood  (assume  = 2.1  5 E -3  Ns  / mP,  S = 1 .0)  flows  through  an  artery  in  the  neck  of  a 
giraffe  from  its  heart  to  its  head  at  a rate  of  7 E-8  / s.  Assume  the  length  of  the  artery 

is  5 m and  the  diameter  is  0.5  cm.  If  the  pressure  at  the  beginning  of  the  artery  [outlet  of 
the  heart)  is  21  cm  of  Hg,  determine  the  pressure  at  the  end  of  the  artery  when  the  head 
is  a)  2.4  m above  the  heart  b)  1 .8  m below  the  heart.  Assume  steady  flow.  How  much  of 
this  pressure  difference  is  due  to  elevation  effects,  and  how  much  is  due  to  frictional 
effects?  It  is  absented  that  giraffes  often  keep  their  front  legs  very  wide  apart  as  shown 
in  figure  1 while  drinking  water  from  a pond.  Is  this  behavior  of  giraffes  associated  with 
the  above  problem?  Justify  the  answer. 

15.  Find  the  convective  acceleration  at  the  middle  of  a horizontal  pipe,  which  converges 
uniformly  from  0.4  m to  0.2  m diameter  over  2 m length.  The  rate  of  flow  is  20  lit  /s.  If 
the  rate  of  flow  changes  uniformly  from  20  lit  /s  to  40  lit  ,>'s  in  30  seconds,  find  the  total 
acceleration  at  the  middle  of  the  pipe  at  1 5'  second. 


14.  A Francis  tu (bine  with  an  overall  efficiency  of  75%  is  requ  ired  to  produce  150  kW  at  the 
shaft.  It  is  working  under  a head  of  7.82  m.  Ttie  wheel  runs  at  150  ipm  and  the  hydraulic 
losses  in  the  turbine  are  22%  of  the  available  energy.  Assuming  radial  discharge, 
determine  (a)  guide  blade  angle  (b)  vane  angle  at  inlet  (c)  diameter  of  the  wheel  at  the 
inlet  (d)  width  of  the  wheel  at  the  inlet.  Take  peripheral  velocity  = 0.26(2gH)  1 2 and  VM  = 
0.96[2gH) 12 


15.  A flow  is  descrbed  by  a velocity  field  v - ayL  i b\j , where  a = 1 s 1 and  b = 0.5  m sP.  At 
t-2s,  what  aro  the  coordinates  of  the  particle  that  passed  through  the  point  (1 , 2).  At 
t = 0?  and  At  t = 3 s,  what  aro  the  coordinates  of  the  particle  that  passed  through  the 
point  £1 , 2)  at  t = 2 s?  Plot  the  path  line  through  the  point  £ 1 , 2)  and  compaie  with  the 
streamlines  through  the  same  point  at  the  instants  t = 0,  1 and  2 seconds. 
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16.  Derive  the  Reynolds  Tran-sport  Theorem.  Water  enters  a tan  kef  diameter  DT  steadily  at  a 
mass  flow  rate  of  rtiir.  An  orifice  at  the  bottom  with  diameter  □,»,  (shown  in  figure  2) 
allows  water  to  escape.  The  orifice  has  a rounded  entrance,  so  the  frictional  losses  are 
negligible.  If  the  tank  is  initially  empty,  determine  the  maximum  height  that  the  water  will 
reach  in  the  tank  and  obtain  a relation  for  water  height  z as  a function  of  time. 

17.  A block  0.1  m square,  with  5 kg  mass,  slides  do™  a smooth  30*  inclined  plane,  on  a film 
of  SAE  30  oil  at  20*  C (p  = 0.4  N s t m*)  that  is  0.20  mm  thick  as  shown  in  figure  3.  If  the 
block  is  released  from  rest,  derive  an  expression  for  the  speed  of  the  block  as  a function 
of  time.  Plot  the  curve  for  V[t),  Find  the  speed  after  0.1  s.  If  the  mass  is  to  reach  a speed 
of  0.3  m / s at  this  time,  find  the  viscosity  of  oil  that  should  be  used. 
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